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Abstract
This article investigates the impact of European Cen-
tral Bank policies on credits considering financial and
banking fragmentation. Using European data from the
past decade, we estimate SVAR models to analyze the
regional impact of conventional and unconventional
measures on price and volume indicators of fragmen-
tation. The risk-taking channel is studied using GVAR
models to document the national consequences of this
fragmentation. We find that unconventional measures
increase credit in peripheral countries. Monetary poli-
cies alleviate fragmentation, but mostly in terms of price
dispersion rather than credit volume. Finally, unconven-
tional measures imply a rebalancing of European bank
assets in favor of foreign currency denominated-assets.
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1 INTRODUCTION

This article studies the impact of monetary policies on financial and banking fragmentation in the
Eurozone and their consequences on bank risk and credits at the country and regional level. This
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question is especially relevant in the Eurozone given the major role played by banking interme-
diation, representing 75% of external financing for the nonfinancial corporate sector (Colangelo
et al., 2017). Moreover, the current context provides further relevance to the issue. In March 2020,
the European Central Bank (ECB) increased its liquidity supply in order to limit the contagion of
the crisis to the banking sector and to support long-term interest rates’ stability and credit supply.
In doing so, one of the ECB’s stated objectives was “preventing financial fragmentation and distor-
tions in credit pricing” (C. Lagarde, March 19, 2020).1 More recently, the ECB stated in February
2022 that while asset purchases are to be reduced from March 2022, their objective is to maintain
the flexibility of the monetary policy in order to avoid an increase in market fragmentation.

Fragmented markets entail different investment opportunities among countries and limited
cross-border financial links and risk-sharing (Baele et al., 2014), associated with institutional dif-
ferences between market segments, with differences in accounting and governance practices, as
well as informational barriers that increase cross-border transaction costs. While in principle the
European Monetary Union implies regional integration of financial markets and banking sec-
tors, evidence of fragmentation persists in the Eurozone (Baele et al., 2014; Battistini et al., 2014;
Coeuré, speech at Bank of France March, 2019; ECB, 2018; Gagnon & Gimet, 2020; Mayor-
domo et al., 2015) and has increased since the 2007–2008 financial crisis (Claessens, 2017). In
this context, the national banking sectors could react differently to a common monetary policy
change. More specifically, financial and banking fragmentation implies heterogeneity based on
geographical location beyond what can be inferred from national fundamentals. This fragmen-
tation generates asymmetry in a country’s exposure to friction and shocks (Baele et al., 2014).
Therefore, it is not clear according to the current state of the literature that a single monetary pol-
icy can be successful at addressing the economic recovery of all the members of the union without
first reducing financial and banking fragmentation.

In this context, the main objective of this article is to investigate whether conventional and
unconventional monetary policies implemented by the ECB can both alleviate financial and bank-
ing fragmentation and increase credits in all euro area countries. We focus on monetary policies
and their consequences on market risk, risk-taking at the bank level, and credit supply. While
Bruno and Shin (2015) study the U.S. situation in a similar framework, we study the risk-taking
channel inside the Euro monetary union in the presence of financial and banking fragmentation.
Our hypothesis is that heterogeneity in the risk-taking channel in Europe could hinder European
credits.

We use monthly European data from 2008 to 2018 on interest rates, LTROs and quan-
titative easing performed by the ECB, coupled with regional Bayesian structural VAR mod-
els and national Global VAR models. First, the Bayesian structural VAR (BVAR) models are
used in order to obtain regional aggregate regional impulse response functions, which pro-
vide a starting point for our analysis. The BVAR is estimated with Sims and Zha’s (1999)
approach, which allows us to circumvent the traditional overfitting problem present in VARs
by reducing the number of parameters that have to be estimated. Structural BVARs also pro-
vide good likelihood-based error bands (Sims & Zha, 1999) and are not affected by unit roots
(Sims, 1988; Sims & Uhlig, 1991). Given these advantages, this method has been used exten-
sively in the literature since Mackowiak (2007). Second, we are interested in desegregating these
regional responses into country responses. Here, we introduce another methodology in order
to account for the curse of dimensionality. The Global VAR (GVAR) approach introduced by
Pesaran et al. (2004) is a two-step approach that first estimates country-specific models while
treating foreign variable as weakly exogenous. Then, these country models are stacked and
solved together considering the financial interdependencies across countries. We argue that
GVAR models, originally designed to measure financial institutions losses, are well-suited to
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account for the national source of European fragmentation and for a global European model
encompassing the banking sector, explicitly considering different national macro financial super-
vision contexts.

Our analysis underscores three main results. First, while conventional monetary policy does
not significantly improve credit through the risk-taking channel, unconventional monetary poli-
cies can increase loans in peripheral countries. Indeed, LTROs increase German banks’ external
credits in Europe. Quantitative easing entails a substitution effect from domestic to external loans
in core countries. Second, monetary policies can lessen financial and banking fragmentation by
reducing price dispersion indicators. Third, unconventional monetary policies have additional
unintended consequences, such as a rebalancing of the European banks’ asset mix in favor of USD
denominated assets. This substitution is associated with fragmentation and limits the European
impact on credit supply.

2 EUROPEAN CONTEXT AND LITERATURE REVIEW

The Eurozone was expected to consolidate the unification of financial markets as well as involve
cross-border risk-sharing. Government bonds were expected to become perfect substitutes. The
endogenous synchronization of economic cycles and financial integration would offset national
specificities. The equity market integration would reduce the home bias (De Grauwe, 2018).
Despite the adoption of the Financial Services Action Plan (FSAP) in 1999, which aimed to sup-
port the European financial integration, fragmentation remains due to the persistence of national
banking regulations (De Grauwe, 2018).

Indeed, free capital mobility and easing credit conditions generated by the monetary integra-
tion during the 2000–2007 period within the Eurozone entailed an increase in cross-border loans
from surplus to deficit countries, as it was theoretically expected (Ingram, 1969). However, the
rise in cross-border lending created a credit boom in certain countries (Cyprus, Ireland, Greece,
Italy, Portugal, and Spain), increasing systemic risk, asset prices, and financial vulnerability, in
a national context of information asymmetry and a lack of macro-prudential supervision (De
Grauwe & Ji, 2013). Thus, the financial cycles became disconnected across the members of the
monetary union, increasing sudden stops in financially vulnerable countries,2 multiple equilib-
ria, and credit freezes (De Grauwe & Ji, 2013; Merler, 2015). In fact, the trend toward financial
integration was reversed after the 2011 sovereign debt crisis (Claessens, 2017; Coeuré, speech at
Bank of France March, 2019; Colangelo et al., 2017), as underscored by a decrease in the ECB
financial integration index (ECB, 2018). Cross-border bank claims dropped by about 20% in the
Eurozone (Claessens, 2017). The reduction in cross-border flows was compensated by liquidity
assistance of the ECB in favor of financially stressed economies at a higher interest rate (emer-
gency liquidity assistance [ELA]) and by official public inflows (Fagan & McNelis, 2020). In
addition, macroprudential policy supervised by the ECB through the single supervisory mech-
anism was implemented in order to limit the systemic risk in the Eurozone. However, these
measures are asymmetric between countries. Whereas the measures that concern lenders’ behav-
iors (capital requirements or leverage ratios) are common to euro area countries and included in
European directives (Capital requirement regulation [CRR]/capital requirement directive [CRD
IV]), borrower-based instruments (such as loans-to-value ratios or debt-to-income ratios) are left
to national choices, creating heterogeneities in their implementation (Merler, 2015). The het-
erogeneity inside the Eurozone persists, with high levels of nonperforming loans (Table A1),
insolvency (Table A3), and illiquidity risks in southern Europe (Tables A2 and A4), which limit
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the banks’ access to the interbank market (Gabrieli & Labonne, 2022). Moreover, even if the risk
associated with Eurozone sovereign and bank assets has decreased since 2013, the vicious circle
between banks and sovereign risk remains (Colozza & Barucci, 2021).

Studying financial and banking fragmentation in the context of monetary policy is both the-
oretically and empirically motivated. On the theoretical side, the relationship between monetary
policies and risk-taking in the banking sector is crucial. Our article builds and expands on these
contributions, summarized in Table B1 and in particular the findings in Bruno and Shin (2015),
who elaborate a model of a risk-taking channel that connects banks’ asset mix and risk-taking
to currency expectations and monetary policies. They demonstrate that lower bank funding rates
and higher liquidity increase risk-taking, credits and cross-border flows. In addition, Vari (2020)
shows in a theoretical model how fragmentation can have an impact on monetary policy’s effec-
tiveness beyond what is intended by the central bank. Fragmentation generates liquidity and
interest rate fluctuations between countries inside the Eurozone that deviate from the central
bank targets. Unconventional monetary policy based on central bank liquidity supply decreases
interbank market exchanges. There is a surplus of liquidity in core countries that is not com-
pensated by an increase in peripheral banks’ demands for liquidity from the central bank. The
transmission of monetary policy is thus unsettled by banking fragmentation.

Empirically, the literature on this question concludes that the ECB’s unconventional measures
were successful in reducing some indicators of fragmentation. Al-Eyd and Berkmen (2013) find
that conventional and unconventional early policies undertaken by the ECB helped improve fund-
ing in the banking sector, reduced sovereign risk, and mitigated extreme currency risks. Szcer-
bowicz (2015) concludes that asset repurchases were the most efficient measures for financing
costs and these operations reduced the sovereign bond spread across the Eurozone. Mayordomo
et al. (2015) document a significant decrease in financial segmentation, measured in the interbank
markets in the short run following the announcement and implementation of an LTRO program.
Von Borstel et al. (2016) find a significant decrease in yields and lending rates in Europe after
repurchasing operations that contributed to decreasing market segmentation by about 50%. The
reduction in lending rates after nonstandard monetary measures is also demonstrated by Altavilla
et al. (2020), who show that this lowering is particularly significant in financially stressed Euro-
pean countries and for small illiquid and poorly capitalized banks between 2007 and 2017. They
consider that these monetary measures participate in strengthening the banks’ balance sheet
in these economies in particular, which contributes to increasing their output as it shown by
Pagliari (2021).

This article makes two important contributions to the literature. First, we measure fragmen-
tation both at a regional and a national level, while accounting for financial interdependences
among all the countries. Financial fragmentation has been previously documented at the Euro-
pean level (Claessens, 2017; ECB, 2018), but the consequences of fragmentation are not yet
well-understood for the individual member countries. Moreover, Vari (2020) shows the existence
of country specific risks in the European banking sector. In this context, our analysis goes beyond
the aggregate assessment that we present as a starting point using a Bayesian VAR analysis, but
also provides a detailed national analysis in order to underscore the local differences in reac-
tion to these measures using a GVAR approach. Moreover, this article considers the international
spillovers of the ECB policy to the U.S. and therefore highlights the role of international banks
as a channel of transmission of European monetary policy, which previous studies have often
overlooked. Our study empirically documents for the Eurozone the risk-taking channel identi-
fied in Bruno and Shin (2015), relating monetary policies to cross-border flows while accounting
for European financial and banking fragmentation. Second, we assess fragmentation using not
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only price variables, but also volume variables. In contrast, the existing literature focuses on price
variables such as the lending rate (Al-Eyd and Berkmen, 2013; Altavilla et al., 2020; Von Bors-
tel et al., 2016). In fact, in the banking sector, fragmentation is generally measured by dispersion
in bond, equity, and banking markets prices inside a financial integrated area. We argue that
measuring fragmentation effectively requires the use and comparison of both price-based and
quantity-based indicators. Indeed, mitigating fragmentation implies reducing price dispersion,
but also increasing volumes traded.

3 DATA

Our study is based on the Eurozone3 during the 10 years following the collapse of Lehman
Brothers to the temporary end of net asset purchases by the ECB before the health crisis
(2008M10–2018M12). This period of analysis is relevant for studying financial fragmentation and
its regional consequences, as the post-crisis period has been associated with increasing fragmen-
tation in the European banking system (Claessens, 2017). We chose our variables according to the
risk-taking channel defined by the theoretical considerations in Bruno and Shin (2015) in a frag-
mented European context (Vari, 2020). Table 1 presents all the data in detail, their source, their
motivation and references to include each variable in a specific context. Compared to the existing
literature summarized in Table B1, the data in this article enables a more comprehensive analy-
sis of monetary policies and fragmentation with respect to (i) providing a national analysis of all
the Eurozone countries members4 as well as a regional analysis, and (ii) a more recent period of
analysis as most studies focus on the period before and during the 2008 crisis.

3.1 Monetary policies variables

Three types of shocks on ECB monetary policy are studied: a negative interest rate shock (BCELR),
which corresponds to the ECB marginal lending facility rate, a positive long-term refinancing
operations shock (LTRO), which is measured by the monthly ECB contributions to the Eurosys-
tem consolidated financial statement, and a positive quantitative easing shock (QE), which is
defined as the direct purchase of the European debt securities by the ECB.

3.2 Regional data on fragmentation

Our variables are selected in the literature as reliable metrics of financial and banking fragmenta-
tion (Claessens, 2019; ECB, 2020; Vari, 2020). Six variables are chosen to represent the degree of
homogeneity in the reaction of the banking and financial sectors of the Eurozone: FINT, which
is the sub-index for the equity market of the price-based financial composite indicator proposed
by the ECB with a high value that corresponds to a high financial integration and country index
returns; CDS which represents the five-year dispersion of banks’ credit default swap; EONIA,
which is the interquartile range of Eurozone countries’ average short-term interbank lending
rates; BOND, which is the interquartile dispersion of Eurozone ten-year sovereign bond yields;
FCP is the volume of assets in foreign currency held by the Eurozone banking sector and EXL
which measured the MFI’s loans to non-MFI of other Eurozone member states. All the aggregate
European data are extracted from the ECB website. The Bayesian inference used in the regional
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T A B L E 1 Variables of the model

Variable Description
Motivation and
previous evidence Source

ECB monetary policy variables

BCELR ECB marginal lending
facility rate, in percent.
Series key:
FM.D.U2.EUR.4F.KR.MLFR.LEV

Conventional monetary
policy (Bruno &
Shin, 2015)

ECB statistics

LTRO Longer-term refinancing
operations, monthly
ECB contributions to
the Eurosystem
consolidated financial
statement, in millions
of Euros. Series key:
ILM.W.
U2.C.A050200.U2.EUR

Credit easing standard
measure (Fratzscher
et al., 2016)

ECB statistics

QE Direct purchase of the
European debt
securities by the ECB,
in millions of Euros.
Series key:
BSI.M.4F.N.N.A30.A.1.U2.2100.Z01.E

Quantitative easing
standard measure
(Szcerbowicz, 2015)

ECB statistics

Regional variables

FINT Sub-index for the equity
market of the
price-based financial
composite indicator. It
is based on a price
dispersion but it is
transformed to ensure
that higher values of
the indicator represent
higher financial
integration

Price measure of
financial
fragmentation and
risk-sharing measure
(Baele et al., 2014)

ECB statisticsa

CDS Five-year dispersion of
banks credit default
swap premium

Banking risk
fragmentation
measure (Al-Eyd &
Berkmen, 2013;
Mayordomo
et al., 2015)

ECB statisticsa

BOND Interquartile dispersion
of euro area 10-year
sovereign bond yields

Price measure of
financial market
fragmentation (Al-Eyd
& Berkmen, 2013)

ECB statisticsa

(Continues)
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T A B L E 1 (Continued)

Variable Description
Motivation and
previous evidence Source

EONIA Average interquartile range
of euro area countries’
average short-term
interbank lending rates,
in basis point

Price variable measure of
banking fragmentation
(Mayordomo
et al., 2015; Vari, 2020)

ECB statisticsa

FCP Volume of assets in foreign
currency held by the
euro-area banking sector,
in millions of Euros

International banking
flows measure (Buch
et al., 2019)

ECB statisticsa

EXL MFIs’ loans to non-MFI of
other euro area member
states, percentage of total
lending

Volume measure of
banking fragmentation
(Baele et al., 2014)

ECB statisticsa

National variables

SPNFC MFIs’ lending margins on
loans to nonfinancial
corporations, percentage
points. Series key:
RAI.M.AT.LMGLNFC.
EUR.MIR.Z 5 (adapted to
each country)

Price indicator of banking
price behavior (Adrian
et al., 2019; Altavilla
et al., 2020; Von Borstel
et al., 2016)

ECB statistics

CDS Five-year average banks’
credit default swap (in
log)

Price indicator of bank
default risk (Fratzscher
et al., 2016)

Datastream

VOL Realized volatility measured
as the standard error of
daily price indices for
each country

Price indicator of,
risk-sharing measure,
(Baele et al., 2014;
Bekaert et al., 2013;
Miranda-Agrippino &
Rey, 2020)

Datastream

LTR Ten-year interest rate, in
percent

Price indicator of
sovereign risk (Von
Borstel et al., 2016)

Datastream

FCP Volume of assets in foreign
currency held by domestic
banks, in millions of
euros (in log). Series key:
RA6.M.N.AT.W0.S121.
S122.LE.A.FA.RT.F2.T.
EUR.X1.N.N (adapted to
each country)

National banks’ volume of
assets denominated in
foreign currency (Buch
et al., 2019; García
López & Stracca, 2021)

ECB statistics

(Continues)
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T A B L E 1 (Continued)

Variable Description
Motivation and
previous evidence Source

EXL Volume of loans from
domestic banks to the
other euro area member
states (non-MFIs), in
millions of euros (in
log). Series key:
BSI.M.AT.N.A.A20.A.1.U5.
2000.Z01.E (adapted to
each country)

Indicator of banking
fragmentation
(Al-Eyd &
Berkmen, 2013;
Bruno &
Shin, 2015)

ECB statistics

DOL Volume of domestic loans
to the private sector
from domestic banks, in
millions of euros (in
log). Series key:
BSI.M.AT.N.A.A20.A.1.U6.2000.Z01.E
(adapted to each
country)

Volume indicator of
domestic credit
supply (Adrian
et al., 2019; Bruno
& Shin, 2015)

ECB statistics

a Indicator proposed by the ECB in Indicators of financial integration in the euro area, ECB Statistics database, 2020.

models is not affected by unit-root and cointegration (Sims, 1988; Sims & Uhlig, 1991). Thus, all
the variables are taken in levels.

3.3 Country-level data

Following Bruno and Shin (2015), our variables can be classified into two categories represent-
ing the transmission channels from monetary policies to banks’ risks, credits, and cross-border
flows. The first set of variables are price indicators measuring the impact of monetary policies on
financial and banking risk: SPNFC, the MFIs’ lending margins on loans to nonfinancial corpo-
rations, CDS, the 5-year average banks’ credit default swap, VOL, the realized volatility of daily
price indices, and LTR is the 10-year interest rate for each European country. These variables are
introduced in order to identify the risk-taking channel relating monetary policies and credit sup-
ply, as well as the financial markets (Adrian et al., 2019). In particular, lending margins have been
used as a proxy for bank-pricing behavior (Altavilla et al., 2020; Von Borstel et al., 2016). In the
literature, the effect of monetary policies on bank margins is unclear. While Adrian et al. (2019)
predict a positive sign, Von Borstel et al. (2016) and Borio and Zhu (2012) document a mixed effect
depending on sluggish rate adjustment and market forces. Altavilla et al. (2020) document a neg-
ative sign following unconventional monetary policy, especially in financially stressed countries.
Our model therefore provides an empirical evaluation of the theoretical predictions. CDS repre-
sents the bank’s default risk or the bank funding risk (Von Borstel et al., 2016). VOL is a proxy
for the level of market risk, as volatility (e.g. the VIX) is known to be affected by monetary policy
(Bekaert et al., 2013; Miranda-Agrippino & Rey, 2020). LTR measures the sovereign risk in each
country (Von Borstel et al., 2016).
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The second set of variables are volumes capturing banks’ asset mix with a focus on cross bor-
der flows. The FCP variable measures the volume of assets in foreign currency held by domestic
banks and is added in order to investigate whether banks respond to monetary policies by substi-
tuting assets internationally (García López & Stracca, 2021; Vari, 2020), which could alleviate the
effectiveness of the monetary policy to provide credit to the Eurozone. We add an additional vari-
able measuring the volume of domestic loans to the real sector (DOL) by domestic banks in order
to document the credit channel in each country and the volume of loans from domestic banks
to the other Eurozone member states (EXL). These variables mirror the objective pursued by the
ECB as well as the considerations presented in Bruno and Shin (2015). They find that lower bank
funding rates increase risk-taking and cross-border flows, a finding we aim to verify in the Euro-
pean context with our choice of variables. In addition, EXL is a measure of banking fragmentation
within the Eurozone, as an objective of monetary policies is to increase regional implication of
national banks within the Eurozone.

4 METHODOLOGY

4.1 The regional response to common monetary shocks

4.1.1 Structural VAR model

The first models aim at explaining the heterogeneity in the reactions of the European monetary
union members to ECB unconventional policy shocks at a regional level. Structural Bayesian VAR
models are estimated according to the method developed by Sims and Zha (1998, 1999) and based
on the available code.5 Bayesian inference ensures the model is free from unit-root (Sims, 1988;
Sims & Uhlig, 1991) and allows us to use all the variables in levels. The methodology further
allows to study either negative or positive shocks.

Letting L be the lag operator, the reduced form of the vector auto-regression model VAR(q) is
given as:

A(L)Yt = et, (1)

where Y t is the vector of endogenous variables, A is the n×n parameter matrix, and et is the vector
of errors whose variance–covariance matrix has no restrictions, that is

E
(

eteT
t
)
= Ω and E (et) = 0. (2)

The structural moving average representation is:

Yt = 𝛩(L)𝜀t, (3)

with

et = P𝜀t, (4)

where P is an invertible matrix n×n that must be estimated to identify the structural shocks.
The short-run constraints are imposed directly on P and correspond to some elements of the
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matrix set to zero. The𝛩j matrix represents the impulse response functions to shocks 𝜀t of the ele-
ments of Y t. The different structural shocks are supposed to be non-correlated and have a unitary
variance:

E
(
𝜀t𝜀

T
t
)
= In. (5)

Ω is the variance–covariance matrix of the canonical innovations et, thus

E
(

eteT
t
)
= PE

(
𝜀t𝜀

T
t
)

PT = PPT = Ω. (6)

4.1.2 Identification restrictions for the regional models

Let Y = (MP; FINT; CDS; BOND; EONIA; FCP; EXL) the vector of endogenous variables and
𝜀t =

(
𝜀mp; 𝜀fi; 𝜀brisk; 𝜀srisk; 𝜀liq; 𝜀fc; 𝜀frag

)
the vector of structural shocks, where 𝜀mp represents the

shock of the unconventional monetary, and 𝜀fi, 𝜀brisk, 𝜀srisk, 𝜀liq, 𝜀fc, 𝜀frag are, respectively, the finan-
cial dispersion, the banking sector risk dispersion, the sovereign risk dispersion, the liquidity
dispersion, the volume of assets in foreign currency in the banking sector, and the fragmentation
shocks. Our objective is to identify the n2 elements of the P matrix. The 𝛺 matrix is symmetric
and n(n+ 1)/2 orthogonalization constraints have already been imposed. The remaining 21 con-
temporaneous constraints are chosen according to the theoretical literature. First, we consider
that the monetary policy is exogenous in the short term (Kim & Roubini, 2000; Sims & Zha, 1999).
Second, we suppose that price variables are faster to respond to a shock than variables in volume.
Finally, we consider that an external loan shock affects the other variables with a monthly delay
(Kim & Roubini, 2000).

4.2 National impacts of common monetary policy shocks

In this section, we study the national impact of the ECB monetary shocks. We implement GVAR
models (Dees et al., 2007),6 which allows for an assessment of the influence of the common
ECB monetary shocks on each country in the Eurozone, while considering both the financial
interdependencies among the economies as channels of transmission and their relative eco-
nomic weight in the euro area. Our approach further documents the literature documenting
the pass-through of monetary policy measures on (i) European banks (Altavilla et al., 2020), (ii)
one or several European countries (Al-Eyd and Berkmen 2013), (iii) the Eurozone as a whole
(Colozza & Barucci, 2021; Mayordomo et al., 2015), or (iv) different country groups (Altavilla
et al., 2020; Von Borstel et al., 2016). In contrast with these contributions, our analysis assesses
the simultaneous reaction to a common shock of each member country. This decomposition
allows for precisely identifying the risk-taking channel for each individual country considering
the potential heterogeneity sources within the Eurozone. The model also offers a joint analysis
of the impacts of common monetary policy measures on financial fragmentation. Our sample
includes 15 Eurozone members7 as well as the United States in order to measure the international
spillovers of the ECB shock. In addition, the U.S. interest rate is included in order to account for
the international economic context. Finally, the country-specific foreign variables are constructed
considering financial links measured by relative capital flows between each country and its
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partners. Specifically, the relative importance of country i to country j is measured by the share
of inflows and outflows of portfolio investment relative to total investment in country i.8

The VARX(pi, qi) model for country i with pi as the lag order of the domestic variables and qi
as the lag order of the foreign variables is written as follows9:

Yit = aio + ai1t +
pi∑

p=1
Ai,pYi,t−p +

qi∑

q=0
Bi,qY∗

i,t−q +
qi∑

q=0
Ci𝜔t−q + eit, t = 1, … ,T; i = 0, … ,M (7)

with Yi,t the ni × 1 vector of domestic variables, Y∗
i,t the n∗i × 1 vector of foreign variables,10 ai1

the ni × 1 vector if linear trend coefficients, Ai,p the ni × ni matrix of lagged coefficients, and Bi,q
the ni × n∗i matrices of fixed coefficients, 𝜔t is the vector of global shocks considered as weakly
exogenous,11 ei,t is the ni × 1 vector of country-specific shocks whose variance–covariance matrix
has no restrictions. Let Y = (MP; SPNFC; CDS; VOL; LTR; FCP; EXL; DOL; LTR; FCP; SPNFC;
CDS; VOL) be the set of variables for a given country with MP being the ECB unconventional
monetary shock (each three monetary shocks are studied independently).

Y∗
i,t =

∑M
j=1wijYjt and wii = 0, wij, j = 0, … ,M represent the fixed financial weights such as

∑M
j=1wij = 1.

If we suppose that Zit =
(

Yit
Y∗

it

)
and Zit = WiYt with Wi the (ni + n∗i )× n financial weights

matrix

HioZit = hio + hi1t +Hi1Zit−1 + · · · +Hi,pi Zi,t−pi + Ωi1𝜔t−1 + · · · + Ωiqi𝜔t−qi + eit, (8)

where Hio =
(

Iki, − Bio
)
,Hi1 =

(
Ai1,Bi1

)
,Hij =

(
Aij,Bij

)
, for j = 1, … , pi.

The countries’ specific models can be combined to form the GVAR(p) model with the n× 1,
n =

∑M
i=0ni, global vector Xt =

(
Y ′

t , 𝜔
′
t
)′:

GoXt = ho + h1t + G1Xt−1 + · · · + GpXt−p + et, (9)

Xt = G−1
0 hio + G−1

0 hi1t + G−1
0 G1Xt−1 + · · · + G−1

0 GpXt−p + G−1
0 et, (10)

Xt = bo + b1t + F1Xt−1 + · · · + FpXt−p + 𝜀t (11)

with b0 = G−1
0 hi0, b1 = G−1

0 hi1, F1 = G−1
0 G1 … Fp = G−1

0 Gp, and 𝜀t = G−1
0 et. b0 and b1 are n× 1 vec-

tor of coefficients, F as the n×n matrix of coefficients and 𝜀t as the n× 1 vector of reduced
form shocks, which are linear functions of the country-specific shocks ei,t. The orthogonalized
impulse response functions (OIRFs) of a one standard error shock depend on the variables’
ordering (we use lower triangular matrix based on a Cholesky decomposition) and allow us to
study the impulse response function at time t to the lth equation of the model on the nth vari-
able. Confidence intervals at a 90% level of significance are obtained using the bootstrapping
procedure described in Dees et al. (2007). In order to measure the international spillovers of
the ECB monetary policy, we also include equations to document the U.S. case using domes-
tic loans (DOL), the long-term interest rate (LTR), and the realized volatility (VOL) in the U.S.
Given that all variables are I(1), we consider corresponding cointegrating VAR models. The lag
orders depend on country-specific VARX models and are obtained via a traditional AIC tests
procedure.
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5 RESULTS

5.1 The regional fragmentation: SVAR models

Impulse responses and variance decompositions of banking and financial aggregated vari-
ables following a variation of a standard deviation of the monetary policy variables are
reported in this section. The confidence intervals for the impulse response functions
based on structural Bayesian VAR models are obtained from the procedure proposed by
Sims and Zha (1999).12

Figure 1 presents the impulse response functions of regional variables to the three main
measures implemented by the ECB. First, we document price dispersions’ reactions to mon-
etary policy shocks. Monetary policy shocks positively affect financial integration, FINT. The
effects on interest rates and QE shocks are permanent, but limited with a variance decomposi-
tion under 10%, while LTRO shocks have a positive but temporary effect. In addition, interest
rates and LTRO shocks also reduce dispersion in bank default risk across the EU (CDS) and
have a positive effect on EONIA dispersion. Regarding the government bond market fragmenta-
tion, a positive shock in QE and a negative shock in interest rates decrease the dispersion of the
long-term spread at the regional level (BOND). This finding extends the results of Al-Eyd and
Berkmen (2013) and Szcerbowicz (2015), who demonstrate the positive impacts on money market
instruments during the 2007–2012 period. Our results mirror the findings in Altavilla et al. (2020),
who show a positive price effect of nonstandard measure on lending rate dispersion in the Euro-
zone. However, the variance decompositions show that these effects are limited (see Appendix C,
Table C1).

Second, the volume of assets in foreign currency (FCP) increases after a negative ECBLR shock
and a positive QE shock as demonstrated by Fratzscher et al. (2016). Finally, the impacts on the
volume of external loans (EXL) are not significant after an ECBLR and a LTRO shock. There is a
positive impact after a QE shock, but the variance decomposition remains low.

Our regional assessment leads us to conclude that the unconventional ECB measures imple-
mented during the period of analysis contribute to the reduction of the heterogeneity between
countries by decreasing strategic price spreads, but have a limited regional impact on aggre-
gate volumes in the banking sector. Therefore, cross-country risk-sharing in the banking sector
remains limited. A decrease in interest rates has an impact on both banking and financial risk dis-
persion. Our results thus extend Bruno and Shin’s (2015) assessment of the relevance of interest
rate policy on banking and financial risk to the question of banking and financial fragmenta-
tion, suggesting that the effects of unconventional monetary policies are more specific. Indeed,
LTRO shocks have an impact on banking risk dispersion through a tightening of the CDS and
EONIA spreads, whereas QE shocks mainly reduce financial fragmentation through stock and
bond spreads.

5.2 National responses

In this section, we present results for the disaggregated national approach using GVAR
models that allows for the estimation of a national response to each shock. The OIRFs
and their associated standard errors are obtained following the methodology presented in
Dees et al. (2007).
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5.2.1 The impact of a negative interest rate shock

Figure 2 shows the impulse response functions for the European countries’ variables following
a decrease in the ECB interest rate (ECBLR). First, the interest rate shock affects the domestic
lending spread (SPNFC) differently. In many countries (Germany, France, Malta, Austria, and
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F I G U R E 2 GIRFS following a negative interest rate shock. (a) Impact on national banks’ lending rate
spread. (b) Impact on national banks’ CDS. (c) Impact on financial volatility. (d) Impact on national long-term
interest rates. (e) Impact on national banks’ assets in foreign currency. (f) Impact on national banks’ domestic
loans. (g) impact on national banks’ external loans. This figure presents the OIRFs following a negative interest
rate shocks. OIRFs are obtained following the estimation of the GVAR model presented in Equation (11). Each
panel presents the effect of the shock for each countries’ variables, if the variable is available. The solid line
represents the OIRFs’ estimates, and the dotted lines are the associated confidence intervals. Variables are
classified from the most exogenous to the most endogenous ones. Countries are ranked according their weight in
terms of GDP. [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 2 (Continued)

Slovenia), the domestic lending spread increases. This is mainly due to the banks’ risk percep-
tion of the impact of a negative interest shock in a context of zero lower bound (Von Borstel
et al., 2016). This is in line with the U.S. evidence presented in Bruno and Shin (2015), docu-
menting that negative interest rate shock entails more risk-taking from U.S. banks. Our analysis,
however, underscores that the impact of interest rate policies depends on the initial health of the
banking sector. For instance, in Italy, the impact on domestic banks’ funding costs and lending
rates is significant and negative, as reported in Zoli (2013). Greece and Cyprus also benefit from
lower funding cost due to European Financial Stability Mechanism programs. In Belgium and
Luxembourg, countries with highly competitive banking sectors, banks transfer the official inter-
est rate decrease to their lending rates and their margins accordingly decrease. Panel b shows
that an interest rate decrease reduces banks’ default risk measured as the decrease of banks’
CDS. Panel c shows that the interest rate shock generates a growth in confidence on financial
markets decreasing significantly the financial volatility (VOL), except in countries with signifi-
cant macroeconomic risks such as Greece, Cyprus, and Malta. This result is reminiscent of the
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F I G U R E 2 (Continued)

evidence presented in Bekaert et al. (2013) and Bruno and Shin (2015), suggesting a dampen-
ing of the VIX risk index when interest rates are lowered. Our result further generalizes this
evidence for international spillover effects, as financial volatility also decreases in the U.S., a
result highlighting that the ECB signal is positive for international investors. The impact of the
interest rate shock on the long-term interest rate (LT) presented in panel d generates a decrease
in the long-term interest rates for all countries, except in Luxembourg and Cyprus, due to the low
maturity of the government debt and the financial tensions of the country during the period of
analysis, respectively.

Panel e demonstrates that national banks’ assets in foreign currency often decrease following
a negative interest rate shock. Banks therefore reduce the amount of assets held in foreign reserves
(FCP) due to the strength of the euro in comparison to other international currencies. In fact,
the interest rate differential between the Fed Fund rate and the ECB Marginal lending facility
rate was positive in 2008 and subsequently reversed in favor of the Eurozone during the sample
period (see Figure A1). Therefore, the negative shock in the euro interest rate was not followed
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by a reallocation of assets in foreign currency, given that the euro was not expected to depreciate
with respect to the dollar.

Finally, we investigate the impact on the banking sector’s balance sheet. The effect of the
ECB interest rate shock on the volumes of domestic external loans (DOL) is negative (France,
Ireland and Finland) or nonsignificant. In terms of external loans volume (EXL), the interest
rate is largely ineffective during this period with the exception of an increase in external loans
for Greece and Spain and a delayed decrease in Luxembourg and Malta. These results extend
the literature that demonstrates the diminished impact of traditional monetary policy measures
through the credit channel on the lending rate in particular at the zero-lower bound (Von Borstel
et al., 2016). It underscores the limit of interest rate instruments to generate economic recovery
through the traditional credit channel, in the zero lower bound context. The impact of a decrease
in the ECB lending rate has no effect on the volume of domestic credit in United States because
the cost of financing is similar in the two regions for the studied period.

In summary, our results underscore that at the zero lower bound, traditional monetary policy
shocks have a mitigated effect. While we document positive effects on risk variables measured
by price indicators in countries with favorable initial conditions, conventional monetary policy
is ineffective at influencing volumes indicators. This result therefore allows for new European
insight on the documented relationship among interest rates, risk-taking, and cross-border flows
(Bruno & Shin, 2015). While interest rates succeed at modifying risk-taking, we find only a modest
effect on the volume of external loans.

5.2.2 The impact of a positive LTRO shock

Figure 3 reports the impulse response functions for European countries’ variables following an
increase in banks’ liquidity (LTRO). In panel a, the effects of the positive LTRO shock on the
spread of lending rate (SPNFC) are significant and negative for Germany, France, Greece, Lux-
embourg, Slovenia, and Malta. In line with the evidence presented in Altavilla et al. (2020), this
effect is more persistent in a financially stressed country such as Greece (Tables A1 and A4). Por-
tugal is the only country where the lending spread increases because of significant macro and
borrower risks during the period of analysis (ECB, 2013). The effect on the domestic banking
sectors’ default risk (CDS) is nonsignificant except in Greece, where the banking risk increases
due to solvency problems and large amounts of nonperforming loans (see the ECB financial inte-
gration report 2018 and Tables A1 and A3 as well as Figure A2). The financial volatility (VOL)
increases for most countries. This result suggests that investors do not completely understand the
credit easing policy and that the signal channel is ineffective both regionally and internationally,
as the U.S reactions are also insignificant (Gagnon & Gimet, 2020). Panel d shows a decrease in
long-term interest rates (LR), but only in the U.S., as well as core countries with a sustainable
level of debt. The purchase of government bonds by banks with the liquidities injected by the ECB
can explain this result. Moreover, Fratzscher et al. (2016) show that after a LTRO shock, global
funds are invested mainly in bonds in advanced economies at an international level and in core
European countries. As a result, we observe an increase in the spread at a European level in the
regional analysis.

In addition, panel e shows that the impact on assets in foreign currencies held by the domestic
banking sector (FCP) is positive in many countries, in particular Germany, Austria, Italy, Ireland,
and Spain. Therefore, banks in these countries use the new liquidity provided by central bank
operations to buy foreign assets (Vari, 2020). In particular, German and Austrian banks have been
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(c)

F I G U R E 3 OIRFS following a positive LTRO shock. (a) Impact on national banks’ lending rate spread. (b)
Impact on national banks’ CDS. (c) Impact on financial volatility. (d) Impact on national long-term interest rates.
(e) Impact on national banks’ assets in foreign currency. (f) Impact on national banks’ domestic loans. (g) Impact
on national banks’ external loans. This figure presents the OIRFs following a positive shock in LTRO. GIRFs are
obtained following the estimation of the GVAR model presented in Equation (11). Each panel presents the effect
of the shock for each countries’ variables, if the variable is available. The solid line represents the OIRFs’
estimates, and the dotted lines are the associated confidence intervals. Variables are classified from the most
exogenous to the most endogenous ones. Countries are ranked according their weight in terms of GDP. [Colour
figure can be viewed at wileyonlinelibrary.com]

http://wileyonlinelibrary.com


GAGNON and GIMET 19

rtlSDNALREHTENrtlNIAPSrtlYLATIrtlECNARFrtlYNAMREG

rtlECEERGrtlDNALNIFrtlDNALERIrtlAIRTSUArtlMUIGLEB

rtlATLAMrtlSURPYCrtlAINEVOLSrtlGRUOBMEXULrtlLAGUTROP

USA ltr

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0 4 8
-0.4
-0.3
-0.2
-0.1
0

0.1
0.2
0.3
0.4

0 4 8
-0.4

-0.2

0

0.2

0.4

0.6

0.8

0 4 8
-0.4

-0.2

0

0.2

0.4

0.6

0.8

0 4 8
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4

0 4 8

-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4
0.5
0.6

0 4 8
-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0 4 8
-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0 4 8
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4

0 4 8
-1.5
-1

-0.5
0

0.5
1

1.5
2

2.5
3

0 4 8

-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
0.8
1
1.2

0 4 8
-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 4 8
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4
0.5
0.6

0 4 8
-0.08
-0.06
-0.04
-0.02

0
0.02
0.04
0.06
0.08
0.1
0.12

0 4 8
-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0 4 8

-0.4

-0.3

-0.2

-0.1

0

0.1
0.2

0.3

0 4 8

pcfSDNALREHTENpcfNIAPSpcfYLATIpcfECNARFpcfYNAMREG

pcfECEERGpcfDNALNIFpcfDNALERIpcfAIRTSUApcfMUIGLEB

pcfATLAMpcfSURPYCpcfAINEVOLSpcfGRUOBMEXULpcfLAGUTROP

-0.2
-0.1
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

0 4 8
-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0 4 8
-0.02
-0.01

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08

0 4 8
-0.2

-0.1

0

0.1

0.2

0.3

0.4

0 4 8
-0.3

-0.2

-0.1

0

0.1

0.2

0 4 8

-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4
0.5

0 4 8
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 4 8
-0.2
-0.1
0

0.1
0.2
0.3
0.4
0.5
0.6

0 4 8
-0.5
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3

0 4 8
-0.3

-0.2

-0.1

0

0.1

0.2
0.3

0.4

0 4 8

-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4

0 4 8
-0.2

-0.1

0

0.1

0.2

0.3

0.4

0 4 8
-0.25
-0.2
-0.15
-0.1
-0.05
0

0.05
0.1
0.15

0 4 8
-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0 4 8
-0.25
-0.2
-0.15
-0.1
-0.05

0
0.05
0.1
0.15

0 4 8

(d)

(e)

F I G U R E 3 (Continued)

shown to invest more heavily in American financial assets during the sample period (García López
& Stracca, 2021). The exception is in Cyprus, where external foreign assets are inferior to the
external foreign liabilities (see Table A5) (Krogstrup & Tille, 2018). Finally, LTROs do not generate
growth in the domestic banking sector (DOL, panel f). External loans (EXL, panel g) increase in
Germany, Austria, and Malta. Again, German and Austrian banks used the liquidity provided by
the ECB to invest abroad within the Eurozone rather than domestically.

In summary, LTROs were designed to stimulate credit to the private sector. These intended
effects were mitigated since we do not find evidence that domestic credit increases after LTRO
operations, a result supported by the observations in Ivashina et al. (2015). Rather, there were
some unintended effects of LTROs abroad and within the Eurozone, not all of them negative. In
fact, LTRO operations contributed to reducing fragmentation in the following way: the excess liq-
uidity in Germany and Austria was invested elsewhere within the Eurozone (as shown by external
loans), therefore increasing capital mobility within the zone. Finally, we document other conse-
quences of LTRO operations. Rather than using their liquidity to increase their domestic loans,
German and Austrian banks also invested in European core countries and USD-denominated
assets, which contributed to the decrease in the long-term bond yields in those countries. They
also invested in foreign assets (Colangelo et al., 2017; Krogstrup & Tille, 2018). This behavior
from these banks did not meet the ECB’s objective to increase credit within the Eurozone. In that
case, our regional analysis suggests this can be associated with European fragmentation, a result
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F I G U R E 3 (Continued)

extending the theoretical findings presented in Vari (2020). However, the international impact of
the European LTRO shock is negative on the volume of domestic credit in United States because
international banks substitute their domestic lending to foreign credits in countries where the
liquidity constraints are lower (Buch et al., 2019).

5.2.3 The impact of a positive QE shock

Figure 4 presents the impulse response functions for following a positive shock in the purchases
of European debt securities by the ECB (QE). We first describe the responses on several price
measures. The lending spread decreases (SPNFC) in Spain, Greece, Slovenia, and Malta. These
countries have more vulnerable banking sectors with the lowest level of capital and the high-
est share of nonperforming loans (see Table A1). This result is in line with evidence presented
in Altavilla et al. (2020), Gabrieli and Labonne (2022), and Neuenkirch and Nöckel (2018). QE
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F I G U R E 4 OIRFS following a positive QE shock. (a) Impact on national banks’ lending rate spread. (b)
Impact on national banks’ CDS. (c) Impact on financial volatility. (d) Impact on national long-term interest rates.
(e) Impact on national banks’ assets in foreign currency. (f) Impact on national banks’ domestic loans. (g) Impact
on national banks’ external loans. This figure presents the OIRFs following a positive shock in quantitative
easing (QE). OIRFs are obtained following the estimation of the GVAR model presented in Equation (11). Each
panel presents the effect of the shock for each countries’ variables, if the variable is available. The solid line
represents the OIRFs’ estimates, and the dotted lines are the associated confidence intervals. Variables are
classified from the most exogenous to the most endogenous ones. Countries are ranked according their weight in
terms of GDP. [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 4 (Continued)

also has a positive impact on the lending spread in Belgium and Luxembourg, which can be
explained by a substitution from indirect to direct financing (Von Borstel et al., 2016). Our results
related to the CDS spreads also imply that QE can induce portfolio reallocation in riskier assets
(Fratzscher et al., 2016; Pagliari, 2021), as the default risk increases temporarily in the countries
in our sample following an increase in QE operation. On the financial market, realized volatility
temporarily increases with QE for most countries, suggesting the shock generates some insta-
bility at a regional and an international level. Our results complement the evidence presented
in Miranda-Agrippino and Rey (2020). They suggest that QE measures in the U.S. following
the credit freeze crisis increase global risky asset prices, increase global cross-border flows, and
sharply increase the VIX. This is an important change in financial markets given that the pre-
crisis consensus was that lax monetary policies decrease VIX in the U.S. (Bekaert et al., 2013).
In terms of a decrease of the long-term interest rates (LR), the QE measures first benefit the
countries that have the lowest public debt and deficit (Germany, France, Netherlands, Austria,
Finland, and Belgium). Since the long-term interest rates are also reduced in Ireland, Portugal,
Slovenia, and Malta, contributing to low dispersion inside the Eurozone, this evidence supports
a reduction in fragmentation measured as long-term interest rates after QE measures, as found
in the regional model. The shock spills over into the United States, where the long-term rate
decreases, highlighting the positive signal of QE shock and the role of the portfolio transmis-
sion channel (Neely, 2015). This result extends the findings of Fratzscher et al. (2016) in the case
of the ECB.

Fratzscher et al. (2016) find that positive shocks in QE imply a devaluation in the euro.
We find that this devaluation also causes an increase in assets in foreign currency held by
banks (FCP) in several countries of the Eurozone in particular those with the lowest level
of currency holdings that benefit from a decrease in the cost of holding reserves (Italy, Bel-
gium, Austria, Ireland, Greece, Portugal, Luxembourg) (FCP) (see Table A5). These increases
in foreign capital assets are also reminiscent of the decrease in the U.S. long-term rate
found above.

Panel f shows the volume of domestic loans (DOL) increases in most periphery countries:
Italy, Spain, Austria, Finland, Greece, and Cyprus, While external loans (EXL) decrease in Italy,
Spain, Finland, Greece, and Portugal, they increase for Germany, France, Netherland, Belgium,
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Austria, and Luxembourg. Thus, core countries raise their foreign credits to periphery countries
benefiting from a better macroeconomic context after the QE shock, reducing fragmentation. The
combined analysis of these two variables suggests that periphery countries substitute external
loans with domestic loans after a QE shock. This is another indication that QE measures con-
tribute to a reduction in fragmentation, as liquidity seems to be going where it is most needed. At
an international level, the European QE shock produces an increase in foreign lending for U.S.
banks in comparison to domestic credit. This phenomenon, related to the risk-taking channel in
the literature, can be explained by the decrease in macroeconomic and borrower risks within the
Eurozone (Buch et al., 2019; Ivashina et al., 2015).

In conclusion, we find three main consequences in the financial and banking sectors follow-
ing QE shocks. (1) QE facilitates banks’ risk-taking, as reflected in the increased default risk,
in the increased domestic credit in peripheral countries, and in the increased external credit
within the Eurozone from core countries. (2) QE measures reduce financial and banking frag-
mentation by reducing long term rates across the Eurozone, increasing cross-border loans within
the zone by providing more domestic credits in countries that need it the most. (3) QE also
has unintended external spillovers, as it increases stock market volatility and bank exposure to
foreign assets.

6 DISCUSSION AND CONCLUSION

This article studies the importance of financial and banking fragmentation through the
risk-taking channel relating monetary policies, credits, and cross-border flows. The basis for our
approach is to extend the analysis of the American case presented in Bruno and Shin (2015) to the
post-2007 crisis in the Eurozone. Our methodology specifically allows for national heterogeneity
and fragmentation while studying the joint effect of common monetary policy shocks. We show
that the risk-taking channel is heterogeneous inside the Eurozone, in part because of banking and
financial fragmentation, which limits the beneficial impacts of monetary policies on credit vol-
ume. However, our analysis also shows that monetary policies can contribute to alleviate financial
and banking fragmentation.

Our analysis yields three important conclusions. First, conventional monetary policy alone
cannot increase credit volumes. However, unconventional monetary policies can partly achieve
this goal. LTROs effectively increase German banks’ external credit to the rest of the Eurozone.
Quantitative easing has widespread effects on credit, increasing domestic loans in peripheral
countries and external loans from core countries. Second, fragmentation is still present in the
Eurozone, although monetary policies can lessen its symptoms. All monetary measures succeed
in reducing price dispersion indicators, but only unconventional measures have an impact on vol-
ume indicators. Third, while unconventional monetary policies are effective at improving credit
conditions and reducing fragmentation, they also have additional unintended consequences.
Indeed, we empirically show that the presence of fragmentation suggests that unconventional
measures imply a rebalancing of European banks asset mix. In particular, after an LTRO shock,
banks in core countries invest their excess liquidity in U.S. assets, limiting the European impact
on credit supply. QE operations also entail financial risks in the European banking sector and an
increased global financial market volatility.

Even though monetary policies can alleviate fragmentation, they cannot completely solve the
problem. In the short term, the last measures implemented by the ECB, such as the pandemic
emergency purchase programme (PEPP) with flexible purchases based on the national impact



GAGNON and GIMET 25

of the sanitary crisis within the Eurozone, could decrease borrowing costs and increase lending,
lessening the asymmetric impacts of the crisis. However, in the long term, the financial trilemma
(Obstfeld, 2015; Schoenmaker, 2011) states that financial stability, national regulations, and finan-
cial integration are objectives that cannot be achieved concurrently. In order to preserve financial
stability and improve banking fragmentation, which remains an important issue in the Eurozone,
further steps toward regional banking regulation should be undertaken. An alternative could be
to strengthen the European Banking Union and to unify the macroprudential supervision at a
regional level.
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ENDNOTES
1 https://www.ecb.europa.eu/press/blog/date/2020/html/ecb.blog200319~11f421e25e.en.html
2 The literature documents that Cyprus, Ireland, Greece, Italy, Portugal, and Spain knew large reversals in private

capital inflows after the 2007 financial shock (Fagan & McNelis, 2020; Merler & Pisany-Ferri, 2012).
3 We differentiate core and peripheric countries (Battistini et al., 2014; Von Borstel et al., 2016). Core coun-

tries include: Austria, Belgium, Finland, France, Germany, Luxembourg, the Netherlands. Peripheric countries
include countries that have experienced sudden stops at the beginning of the period of analysis (Fagan &
McNelis, 2020; Merler & Pisany-Ferri, 2012) Cyprus, Greece, Ireland, Italy, Portugal, Malta, Spain.

4 We exclude the countries that were not in the Eurozone for the whole period: Slovakia, Estonia, Lithuania, and
Latvia.

5 The code used is based on the code provided by Sims and Zha (1998, 1999) and is available at: https://www.
estima.com/procs_perl/mainproclistwrapper.shtml. We incorporate individual dummies to control for unob-
servable heterogeneity in the Eurozone (Beetsma et al., 2006; Kim & Lee, 2008; Kim & Yang, 2008) and adapt
the model to the case of panel data.

6 We use the code on the GVAR model available on the L. Vanessa Smith website:https://sites.google.com/site/
gvarmodelling/gvar-toolbox.

7 Following Dees et al. (2007), the weights aggregation is based on the average 2008–2018 GDP, PPP (in thousand
current international $).

8 The lag orders of the domestic pi and foreign variables qi of the individual country VARX models are limited to
2 for parsimony.

9 To obtain the GVAR model, individual models should account for possible cointegration across variables in each
country’s model.

10 All variables are considered as foreign variables except the EXL one, which is by definition an external variable.
11 We consider ECB monetary policy variables for all countries to be weakly exogenous. An additional variable,

namely, the U.S. interest rate (monetary policy related interest rate, percent per annum, IMF IFS) is considered
as exogenous for European countries and endogenous for the US.
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12 Following Sims and Zha (1999), error bands correspond to the 16% and 84% quartiles (68% confidence interval).
Results are significant if the confidence intervals do not recover zero.
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APPENDIX A. EUROPEAN BANKS STATISTICS AND STYLIZED FACTS
REGARDING THE EUROPEAN BANKING SECTOR
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T A B L E A1 Nonperforming loans

2014 2015 2016 2017

Austria 7.90 6.59 5.01 3.42

Belgium 5.03 4.55 3.71 3.02

Cyprus 50.50 38.43 37.78 32.30

Germany 3.94 3.04 2.71 1.80

Estonia 12.69 9.92 6.02 2.36

Spain 8.02 6.22 5.68 4.51

Finland 1.61 1.17 1.21 1.17

France 4.26 4.04 3.70 3.14

Greece 39.78 46.79 46.27 45.04

Ireland 23.94 18.46 15.74 12.12

Italy 17.03 16.90 15.46 11.42

Lithuania 13.86 12.46 7.49 6.41

Luxembourg 3.11 2.49 2.79 2.46

Latvia 11.74 7.61 8.00 8.01

Malta 10.40 8.88 4.89 3.80

Netherlands 3.32 2.69 2.44 2.22

Portugal 17.80 19.27 19.23 16.03

Slovenia 26.22 20.18 13.21 9.34

Slovakia 9.91 8.59 8.90

Euro area 8.12 7.33 6.49 4.83

Note: Gross nonperforming loans and advances (% of total gross loans and advances).
Source: ECB (2020).

T A B L E A2 Loans to deposit ratio

2014 2015 2016 2017

Austria 103.41 99.00 96.73 96.73

Belgium 92.86 94.57 92.87 94.40

Cyprus 81.05 83.79 77.90 70.79

Germany 98.21 94.93 93.99 91.00

Estonia 72.93 72.23 75.57 60.54

Spain 90.91 92.29 92.38 89.25

Finland 141.27 135.01 132.22 141.21

France 105.45 104.70 105.80 104.45

Greece 78.93 72.85 76.76 85.15
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T A B L E A2 (Continued)

2014 2015 2016 2017

Ireland 93.44 95.63 94.65 94.39

Italy 109.59 105.98 100.49 101.12

Lithuania 57.91 65.44 66.12 71.11

Luxembourg 82.10 81.08 73.27 71.21

Latvia 42.45 35.91 39.44 39.19

Malta 53.42 53.31 66.49 71.31

Netherlands 130.42 126.78 124.73 123.29

Portugal 84.79 80.92 78.18 73.40

Slovenia 72.80 70.52 73.11 72.52

Slovakia 80.53 78.55 75.75 78.50

Euro area 102.21 100.39 99.69 98.21

Source: ECB (2018).

T A B L E A3 Common equity tier 1 ratio (%)

2014 2015 2016 2017

Austria 12.18 13.09 14.46 14.60

Belgium 14.46 15.99 16.76 16.05

Cyprus 13.88 15.06 15.22 14.14

Germany 14.17 14.74 14.93 15.85

Estonia 19.30 20.36 18.78 17.64

Spain 11.73 12.63 12.74 12.62

Finland 15.91 19.56 20.09 20.28

France 11.74 12.55 13.71 14.18

Greece 13.80 16.30 16.88 16.95

Ireland 15.50 14.44 16.76 18.33

Italy 11.25 11.77 10.76 13.60

Lithuania 10.62 12.91 15.00 13.91

Luxembourg 25.49 27.19 28.00 26.89

Latvia 11.98 12.38 14.92 15.74

Malta 12.13 14.28 15.01 16.46

Netherlands 14.23 14.38 15.49 16.61

Portugal 10.91 12.12 10.82 13.83

Slovenia 18.94 19.27 19.62 18.60

Slovakia 16.59 17.42 17.79 18.48

Euro area 12.74 13.47 13.88 14.75

Source: ECB (2018).
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APPENDIX B. MAIN RESULTS FROM THE EXISTING LITERATURE

T A B L E B1 ECB monetary policy and fragmentation: Main results from the existing literature
Objectives
(sample period) Methodology Main results

Al-Eyd and Berk-
men (2013)

Analysis of the credit
channel of ECB
monetary policy in
euro area and
financial fragmented
markets during the
crisis using data on
Germany, France,
Italy, Spain, and
Portugal
(2003–2013)

VECM for interest rate
shock

The credit channel of
monetary policy does
not work during the
crisis, particularly in
stressed markets
Stressed economies are
more impacted by
higher lending rates

Bruno and
Shin (2015)

Study of the risk-taking
channel of monetary
policy in the U.S.
(1995–2007)

VAR for US interest
rate shocks

A decrease in US interest
generates a drop in
cross-border banking
capital flows and a
decline in the leverage
of international banks

Mayordomo
et al. (2015)

Measures of
fragmentation in the
European interbank
market for Austria,
Belgium, Finland,
France, Germany,
Greece, Ireland,
Italy, the
Netherlands,
Portugal, and Spain
(2005–2012)

Measure of the global
dispersion on the
basis of the
regression
coefficients

Fragmentation is:
- higher in the
periphery countries
-increases with high
financing costs, high
counterparty risk, and
high debt-to-GDP
-decreases with a small
banking sector, positive
economic sentiment,
announcement of the
Banking Union, and
ECB President’s speech

Szcerbowicz (2015) Assess the impact of
the ECB monetary
policy on bank and
government
borrowing costs in
France, Italy, Greece,
Portugal, Spain, and
Ireland (2007–2012)

Event-based
regressions to assess
the effects of asset
purchases and
exceptional liquidity
announcements on
money markets,
covered bond
markets, and
sovereign bond
markets

LTROs and zero ECB
deposit rate reduce
money market tensions
Purchases of assets
lower refinancing costs
of banks and
governments with high
sovereign risk

(Continues)
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T A B L E B1 (Continued)
Objectives
(sample period) Methodology Main results

Fratzscher
et al. (2016)

Study the impacts on
financial markets of
ECB unconventional
monetary policy in 38
economies including
Austria, Finland,
Germany, and the
Netherlands
(2007–2012)

Event study ECB policies:
-increase equity prices
and lower bond market
fragmentation
-have a positive impact
on equity markets and
confidence but low
effects on bond markets
internationally
-decrease credit risk for
countries and banks

Von Borstel
et al. (2016)

Study of the interest rate
pass-through in the
euro area during the
sovereign debt crisis for
Austria, Belgium,
Germany, Spain,
Finland, France,
Greece, Ireland, Italy,
the Netherlands and
Portugal (2000–2013)

FAVAR (interest rate
monetary policy shock)

The transmission of
conventional monetary
policy to bank lending
rates has not changed
with the sovereign debt
crisis but the
pass-through has
changed Expansionary
measures reduce
sovereign and bank
funding risk in
periphery countries, but
not the spreads between
lending rates and banks’
funding costs

Buch et al. (2019) Study of the monetary
policy transmission
across borders and the
sources of heterogeneity
in this transmission
using confidential
micro-banking data for
the U.S., euro area,
Japan, and the United
Kingdom (2000–2015)

Panel regressions with
bank-level
heterogeneity and
country-time fixed
effects Meta-analysis
across country of
international
transmission analysis of
the cross-border
transmission of
conventional and
unconventional
monetary policy
through banks

International spillovers
into lending to the
private sector occur,
especially for U.S.
policies Bank-specific
heterogeneity
influences the
magnitudes of
transmission The
impact of this
heterogeneity differs
greatly across countries

(Continues)
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T A B L E B1 (Continued)
Objectives
(sample period) Methodology Main results

Altavilla
et al. (2020)

Analyze the monetary
policy pass-through to
lending rates using 325
euro area banks
(2007–2017)

Two-step cross-sectional
VAR model

The monetary policy
pass-through is
heterogeneous and
depends on banks’
balance-sheet
characteristics
Nonconventional
measures reduce
lending rate
heterogeneity

Vari (2020) Study of the transmission
of the monetary policy
in a context of interbank
market fragmentation in
Germany, Netherlands,
Luxembourg, Finland,
Portugal, Italy, Greece,
and Spain (2008–2014)

Theoretical modeling and
OLS regressions

Fragmentation causes
interest rates and the
money supply to
fluctuate out of the
central bank control

Pagliari (2021) Assessment of the
heterogeneous
macroeconomic impact
of unconventional
monetary policies in the
euro area (2007–2019)

Structural VAR model
with stochastic volatility

Strong heterogeneity
between core and
peripheral euro area
economies ECB’s
unconventional
measures positively
impact the economic
performance of
peripheral economies
The macroeconomic
impacts of ECB’s UMPs
decline over time in
core economies

Gabrieli and
Labonne (2022)

Study the relative role of
sovereign-dependence
risk and credit risk in
euro area interbank
market fragmentation
in 115 European banks
(2011–2015)

Theoretical modeling,
empirical measure of
interbank rates
dispersion using fixed
effect regressions

High nonperforming loan
ratios hinder banks’
access to the interbank
market in the peripheral
countries Large
sovereign bond holdings
are priced in interbank
rates from mid-2011
until the announcement
of the OMT The OMT
has positive impacts
reducing sovereign
dependence and
balance sheet
fragmentation
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APPENDIX C. VARIANCE DECOMPOSITION—REGIONAL SVAR MODELS

T A B L E C1 Variance decomposition

Eurozone

Horizon FINT CDS BOND EONIA FCP EXL

(a) ECBLR

1 0.75 0.98 0.56 0.64 13.85 0.00

2 1.04 2.14 1.26 0.86 13.20 0.02

3 1.46 3.73 2.57 1.14 12.37 0.05

4 2.02 5.57 4.37 1.39 11.53 0.10

8 4.97 12.88 13.39 1.99 8.69 0.38

12 8.21 18.21 21.17 2.28 8.06 0.84

(b) LTRO

1 0.53 0.63 1.16 0.66 0.95 0.00

2 1.09 1.97 1.24 1.22 0.98 0.05

3 1.70 3.99 1.29 2.26 1.09 0.14

4 2.27 6.15 1.37 3.58 1.30 0.24

8 3.53 13.86 2.36 9.21 3.21 0.79

12 4.06 18.37 4.13 12.36 6.71 1.50

(c) QE

1 1.54 0.62 1.10 1.55 0.87 0.00

2 1.85 0.65 1.25 1.63 1.01 0.01

3 2.15 0.67 1.35 1.66 1.10 0.03

4 2.44 0.70 1.42 1.66 1.14 0.06

8 3.44 0.77 1.58 1.61 1.12 0.23

12 4.17 0.83 1.69 1.56 1.08 0.48

Note: This table presents variance decompositions obtained from the estimation of model (3) for each variable following a
shock (a) ECBLR, (b) LTRO, and (c) QE.
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